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(54) Method and apparatus for performing wireless communication using a plurality of frequency 
channels 



(57) A wireless communication apparatus performs 
wireless communication using a plurality of frequency 
channels. In order to prevent a radio signal from inter- 
fering with another wireless communication system, the 
apparatus. includes a unit (112, 122) which detects an 



error rate of each of the plurality of frequency channels, 
a unit (1 1 3, 1 23) which determines whether the detected 
error rate is higher than a specific threshold value, and 
a unit (114, 124) which suspends use of a frequency 
channel whose error rate is determined to be higher than 
the threshold value. 
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Description 

[0001] The present invention relates to a method and 
an apparatus for performing wireless communication 
using a plurality of frequency channels. More specifical- 
ly, the invention relates to a method and an apparatus 
for performing wireless communication, which are ap- 
plied to a short-range wireless communication system. 
[0002] A new short-range radio communication sys- 
tem for wirelessly connecting electronic apparatuses by 
radio signals has recently been developed. IEEE 
802.11b and Bluetooth™ are known as typical short- 
range wireless communication systems. 
[0003] IEEE 802.11b is a standard of a short-range 
wireless communication system targeted for a wireless 
LAN, while Bluetooth™ is a standard of a short-range 
wireless communication system targeted for wireless 
communication between various pieces of mobile and 
digital equipment. In either of the above wireless com- 
munication systems, a plurality of frequency channels 
are defined within a 2.4-GHz frequency band called an 
ISM (Industrial, Scientific and Medical) band, and these 
frequency channels are used selectively. 
[0004] If, however, wireless communication using 
IEEE 802.11b and wireless communication using Blue- 
tooth™ are carried out in the same area, there is a risk 
that interference of electromagnetic signals will occur 
between them. This interference decreases the wireless 
communication performance of the both IEEE 802.11b 
and Bluetooth™. Especially, the interference greatly in- 
fluences the wireless communication performance of 
IEEE 802.11b. The wireless communication perform- 
ance of IEEE 802.11b is therefore decreased signifi- 
cantly. Moreover, there is a case where disconnection 
of a radio link disables the wireless communication of 
IEEE 802.11b. 

[0005] An object of the present invention is to provide 
a wireless communication method and a wireless com- 
munication apparatus capable of preventing interfer- 
ence from occurring between different wireless commu- 
nication systems using the same frequency band. 
[0006] According to one aspect of the present inven- 
tion, there is provided a method for performing wireless 
communication using a plurality of frequency channels, 
the method comprising; detecting an error rate of each 
of a plurality of frequency channels used by wireless 
communication; determining whether the detected error 
rate is higher than a specific threshold value; and sus- 
pending use of a frequency channel whose error rate is 
determined to be higher than the specific threshold val- 
ue. 

[0007] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0008] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 



FIG. 1 is a block diagram showing a configuration 
of a radio communication system according to an 
embodiment of the present invention. 
FIG. 2 is a block diagram of communications per- 
5 formed in a single radio communication mode in the 
system shown in FIG. 1 . 

FIG. 3 is a graph of use states of frequencies in the 
communications shown in FIG. 2. 
FIG. 4 is a block diagram of communications per- 
10 formed in a plurality of radio communication modes 
in the system shown in FIG. 1 . 
FIG. 5 is a graph of use states of frequencies in the 
communications shown in FIG. 4. 
FIG. 6 is a block diagram of communications per- 
15 formed by selectively using communication chan- 
nels in a plurality of radio communication modes in 
the system shown in FIG. 1 . 
FIG. 7 is a graph of use states of frequencies in the 
communications shown in FIG. 6. 
20 FIG. 8 is a graph explaining a communication chan- 
nel of each of a plurality of radio communication 
modes used in the system shown in FIG. 1 . 
FIG. 9 is a diagram showing avoidance of channel 
interference in the system shown in FIG. 1 . 
25 FIG. 1 0 is a diagram showing avoidance of channel 
interference in the system shown in FIG. 1 . 
FIG. 11 is a flowchart of a channel select control 
process performed in the system shown in FIG. 1 . 
FIG. 12 is a diagram showing communication be- 
so tween nodes of Bluetooth™ used in the system 
shown in FIG. 1, 

FIG. 13 is a flowchart explaining an operation of re- 
using a channel under suspension in the system 
shown in FIG. 1. 
35 FIG. 1 4 is a flowchart of another channel select con- 
trol process performed in the system shown in FIG. 
1.. 

[0009] An embodiment of the present invention will 

40 now be described with reference to the accompanying 
. drawings. FIG. 1 shows a configuration of a wireless 
communication system to which a wireless communica- 
tion method according to the embodiment of the present 
invention is applied. The wireless communication meth- 

45 od is used to prevent interference of radio signals from 
occurring among a plurality of wireless communication 
systems using the same frequency band. In the present 
embodiment, IEEE 802.11b and Bluetooth™ are exem- 
plified as the wireless communication systems. In either 

so of the systems, a plurality of frequency channels are de- 
fied within a 2.4-GHz frequency band called an ISM (In- 
dustrial, Scientific and Medical) band, and these fre- 
quency channels are used selectively. 
[0010] A Bluetooth™ module 11 is a wireless commu- 

55 nication device that conducts wireless communication 
based on the Bluetooth™ standard. The wireless com- 
munication system of the Bluetooth™ standard employs 
spread spectrum-frequency hopping (SS-FH) that 
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transmits signals while varying their carrier frequencies 
at regular time intervals. 79 frequency channels are as- 
signed to a 2.4-GHz frequency band at intervals of 1 
MHz. The frequency channels (referred to as communi- 
cation channels hereinafter), which serve as carrier fre- 
quencies, are selectively used on a time-division basis 
for each time slot based on a pseudo-noise code indi- 
cating a hopping pattern (frequency hopping). That is, 
the spread spectrum -frequency hopping (SS-FH) is a 
spread spectrum communication technique in which the 
frequency of a carrier is changed pseudo-randomly. 
[0011] The wireless communication of the Blue- 
tooth™ standard is achieved by a master-slave system, 
and a master manages the hopping patterns to be used. 
Using the same hopping pattern, a wireless network 
called Piconet can be organized between one master 
and seven slaves at the maximum. 
[0012] A wireless LAN module 21 is a wireless com- 
munication device, which conducts wireless communi- 
cation based on the IEEE 802.11 b standard. Spread 
spectrum-direct sequence (SS-DS) is used in the wire- 
less communication system of the IEEE 802.11 b stand- 
ard. 14 frequency channels (referred to as communica- 
tion channels hereinafter) are assigned to a frequency 
band of 2.4 GHz at intervals of about 5 MHz. One or 
more selected communication channels can be used. A 
carrier having a carrier frequency that is the same as 
the central frequency of a selected communication 
channel is primary-modulated by an information signal 
and then secondary-modulated (spread-modulated) by 
a pseudo-noise code (spread code). The wireless net- 
work includes an ad hoc network for performing a peer- 
to-peer communication between stations in an area 
called a BSA (basic service area) and an infrastructure 
network for performing one-to-many communications 
among stations through an access point. In order to 
avoid a collision of signals occurring on the wireless net- 
work, a collision avoidance function called CSMA/CA 
(carrier sense multiple access with collision avoidance) 
is used. 

[0013] In the present embodiment, the Bluetooth™ 
module 11 and the wireless LAN module 21 include 
communication channel control unit 1 1 1 and 1 1 2 respec- 
tively, in order to prevent interference of radio signals 
from occurring between IEEE 802.11b and Bluetooth™ 
using the same radio frequency band. 

Bluetooth™ Module 

[0014] The communication channel control unit 111 
detects a communication channel (interference chan- 
nel) that interferes with another wireless communication 
system such as IEEE 802.11b in the communication 
channels used by the Bluetooth™ module 11 and stops 
or suspends using the detected communication channel 
(releases the interference channel to another wireless 
communication system). The communication channel 
control unit 111 includes a bit error rate (BER) detection 



unit 1 1 2, an interference channel determination unit 113, 
and a use channel limitation unit 1 1 4, as shown in FIG. 1 . 
[0015] The BER detection unit 1 1 2 monitors a data er- 
ror rate of each of communication channels used by the 

s Bluetooth™ module 11 in order to evaluate the commu- 
nication performance of each of the communication 
channels. The data error rate (which is sometimes re- 
ferred to as an information error rate or simply as an 
error rate) is an index for evaluating the communication 

10 performance, which is represented as a BER (bit error 
rate), a packet error rate, an S/N ratio, etc. Hereinafter 
the BER is used as the data error rate. In Bluetooth™, 
basically, all of 79 communication channels are used se- 
lectively for each time slot. The BER detection unit 112 

is therefore monitors a BER for each of all the communi- 
cation channels. 

[0016] The interference channel determination unit 
113 determines whether a communication channel in- 
terferes with another wireless communication system 

20 such as IEEE 802.11b based on the BER of the com- 
munication channel detected by the BER detection unit 
1 1 2. When the BER of a communication channel is high- 
er than a specific threshold value for a fixed period of 
time, the unit 113 determines that the communication 

25 channel interferes with another wireless communication 
system. 

[0017] The use channel limitation unit 114 performs 
control to stop orsuspend using a communication chan- 
nel of the 79 communication channels of Bluetooth™, 

30 which is determined as an interference channel by the 
interference channel determination unit 113. The com- 
munication channel that is determined as an interfer- 
ence channel is omitted from the communication chan- 
nels targeted for frequency hopping. The frequency 

35 hopping is therefore performed among the communica- 
tion channels other than the interference channel. 
[0018] In Bluetooth™, a master primarily performs ail 
the communication control including management of a 
hopping pattern. Accordingly, only the master performs 

40 the above-described processes of monitoring a BER 
and determining an interference channel. The master 
has only to notify the slaves of the stop of use of a com- 
munication channel determined as an interference 
channel. 

45 [0019] The Bluetooth™ module 11 is usually config- 
ured as a one-chip LSI or a two-chip LSI including an 
RF unit, a baseband unit, and a storage unit that stores 
firmware (containing protocol stack) for controlling the 
RF and baseband units. Since a protocol stack of the 

so baseband unit performs the control for frequency hop- 
ping, the function of the above communication channel 
control unit 111 can be incorporated into the protocol 
stack of the baseband unit. Furthermore, a BER detect- 
ing function can be incorporated into an L2CAP (logical 

55 link control and adaptation protocol) for assembling and 
disassembling a packet. In the L2CAP, whenever each 
packet is received, its BER is detected as a BER of a 
current communication channel used for receiving the 
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packet. A BER of a communication channel can also be 
detected, in accordance with a response packet from a 
destination node. The response packet indicates wheth- 
er the sending packet transmitted by using a communi- 
cation channel is normally received at the destination 5 
node. Wireless LAN Module 

[0020] The wireless LAN module 21 includes a com- 
munication channel control unit 121. The unit 121 de- 
tects a communication channel (interference channel) 
that interferes with another wireless communication 10 
system such as Bluetooth™ in the communication chan- 
nels used by the wireless LAN module 21 and stops or 
suspends using the detected communication channel 
(releases the interference channel to another wireless 
communication system). The communication channel 15 
control unit 121 includes a bit error rate (BER) detection 
unit 122, an interference channel determination unit 
123, and a use channel limitation unit 124, as shown in 
FIG. 1. 

[0021] The BER detection unit 122 monitors a BER of 20 
each of communication channels used by the wireless 
LAN module 21 in order to evaluate the communication 
performance of each of the communication channels. In 
IEEE 802.11b, basically, one or more communication 
channels selected from among 1 4 communication chan- 25 
nels can be used. The BER detection unit 122 therefore 
monitors a BER for each communication channel in use. 
[0022] The interference channel determination unit 
123 determines whether a communication channel in- 
terferes with another wireless communication system 30 
such as Bluetooth™ based on the BER of the commu- 
nication channel detected by the BER detection unit 
122. When the BER of a communication channel is high- 
er than a specific threshold value for a fixed period of 
time, the unit 123 determines that the communication 35 
channel interferes with another wireless communication 
system. 

[0023] The use channel limitation unit 1 24 is designed 
to stop or suspend using a communication channel, 
which is determined as an interference channel by the 40 
interference channel determination unit 123. For exam- 
ple, the unit 124 switches an interference channel to a 
communication channel other than the interference 
channel. When two or more communication channels 
are used for certain communication, one of them that is 45 
determined as an interference channel can be stopped 
or suspended and only the other can be used to continue 
the communication. 

[0024] Like the Bluetooth™ module 1 1 , a small-sized 
device incorporating firmware can achieve the wireless so 
LAN module 21 . Thus, the function of the communica- 
tion channel control unit 121 has only to be contained 
in the firmware. 



Channel Select Control 

[0025] The principle of a channel select control oper- 
ation for preventing an interference channel from occur- 



55 



ring will now be described. 

1. Performing communication in a single wireless 
communication mode (FIGS. 2 and 3): 

FIG. 2 shows a state in which only wireless 
communication of IEEE 802.11b is performed in a 
certain area. Referring to FIG. 2, a plurality of per- 
sonal computers serving as electronic equipment 
mounted with the Bluetooth™ modules 11 and a 
plurality of personal computers serving as electron- 
ic equipment mounted with the wireless LAN mod- 
ules 21 are present in the same area such as one 
room in an office. The foregoing ad hoc network or 
infrastructure network is constructed between the 
wireless LAN modules 21 . Radio communication is 
conducted between nodes in the networks in ac- 
cordance with the protocol of IEEE 802.11b. No ra- 
dio communication is done between nodes mount- 
ed with the Bluetooth™ modules 11 . 

In this case, the ISM band is used only in the 
wireless communication system of IEEE 802.1 1b as 
shown in FIG. 3. FIG. 3 shows a case where three 
communication channels are used simultaneously 
by IEEE 802.11b. When such a single wireless com- 
munication system is used, no influence is exerted 
upon a bit error rate (BER) or an effective commu- 
nication speed. 

2. Simultaneously using a plurality of wireless com- 
munication modes of the same frequency band 
(FIGS. 4 and 5) : 

When wireless communication starts between 
Bluetooth™ modules 11 as illustrated in FIG. 4, ra- 
dio signals of two different wireless communication 
systems using the same frequency band are mixed 
as illustrated in FIG. 5. In a communication channel 
on which interference occurs, a BER increases in 
both IEEE 802.11b and Bluetooth™, with the result 
that the number of times of retransmission control 
increases, the effective communication speed low- 
ers, and at worst a radio link is disconnected. 

3. Selectively using communication channels 
(FIGS. 6 and 7): 

In the present embodiment, the Bluetooth™ 
module 11 performs wireless communication ac- 
cording to the protocol of the Bluetooth™ standard 
and simultaneously determines whether each of 
communication channels in use for the radio com- 
munication interferes with another communication 
system (IEEE 802.11b). If the module 11 deter- 
mines a communication channel as an interference 
channel, it stops using the interference channel. 
The wireless LAN module 21 also performs wireless 
communication according to the protocol of the 
IEEE 802.11b standard and simultaneously deter- 
mines whether each of communication channels in 
use for the radio communication interferes with an- 
other communication system (Bluetooth™). If the 
module 21 determines a communication channel as 
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an interference channel, it stops using the interfer- 
ence channel. 

For example, the wireless LAN module of IEEE 
802.11b, which starts communication first, deter- 
mines whether each of communication channels in 
use is an interference channels in order of decreas- 
ing frequency. If the module determines a commu- 
nication channel as an interference channel, it stops 
using the interference channel. The Bluetooth™ 
module, which starts communication afterward, de- 
termines whether each of communication channels 
in use is an interference channels in order of in- 
creasing frequency. If the module determines a 
communication channel as an interference chan- 
nel, it stops using the interference channel. 

Since the interfering channel is excluded by se- 
lectively using the communication channels accord- 
ing to the communication systems of IEEE 802.11b 
and Bluetooth™ (see FIG. 7), it is possible to re- 
solve the problem that one of IEEE 802.11b and 
Bluetooth™ cannot be used for communication or 
the effective communication speed of one of them 
is extremely decreased. Especially in Bluetooth™, 
some of communication channels targeted for hop- 
ping are simply reduced even though the use of the 
interference channel is stopped, so that an influ- 
ence upon the effective communication speed can 
be lessened. Furthermore, the reduction of commu- 
nication channels targeted for hopping allows the 
BER of the communication channels of IEEE 
802.11 b to be decreased in a band where the com- 
munication channels of Bluetooth™ are not used. 

In FIGS. 3, 5 and 7, Bluetooth™ and IEEE 
802.11b are shown to have the same communica- 
tion channel width for simple description. Actually, 
as shown in FIG. 8, 79 communication channels are 
defined at intervals of 1 MHz within the ISM band in 
Bluetooth™, while 14 communication channels are 
defined within the ISM band in IEEE 802.11b. The 
bandwidth of one communication channel of IEEE 
802.11b is 22 MHz (±11 MHz from the central fre- 
quency). In other words, continuous, at most, 22 
communication channels of Bluetooth™ interfere 
with one communication channel of IEEE 802.11b. 

When the use of an interfering channel is 
stopped on the Bluetooth™ side, the use of 22 com- 
munication channels of Bluetooth™ that overlap 
those of IEEE 802.11b is stopped as indicated by 
broken lines in FIG. 9. It is needless to say that not 
all of 22 communication channels of Bluetooth™ 
that overlap a communication channel of IEEE 
802.11b increase in BER. As shown in FIG. 10, ac- 
tually, the present embodiment will be satisfied if the 
use of only communication channels of the 22 com- 
munication channels of Bluetooth™, the BER of 
which exceeds a fixed value, is stopped. 



Process of Channel Select Control 

[0026] One example of a specific process of channel 
select control performed by each of the communication 

s channel control units 111 and 121 will now be described 
with reference to the flowchart of FIG. 11 . 
[0027] First, the communication channel control unit 
checks the current BER of a communication channel n 
(n = channel number) in use and determines whether 

10 the BER is higher than a threshold value (step S101). 
The threshold value is a specific value that is predeter- 
mined to determine whether interference occurs or not. 
Since, in Bluetooth™, a communication channel is 
switched for each time slot, the current BER of the com- 

15 munication channel n can be obtained by adding and 
averaging BERs corresponding to some time slots using 
channel number n during a unit time period. Ifthecurrent 
BER of channel number n is higher than the threshold 
value (YES in step S1 01), the control unit continues to 

20 monitor the BER of channel number n for a fixed time 
T1 (T1 > unit time) (step S1 02) and determines whether 
the BER decreases to not higher than the threshold val- 
ue within the fixed time T1 (step S103). 
[0028] When the BER of channel number n does not 

25 decrease to not higher than the threshold value before 
the fixed time T1 elapses orthe BER of channel number 
n continues to be higher than the threshold value for not 
shorter than the fixed time T1 (NO in step S103), the 
control unit determines the channel number n as a com- 

30 munication channel interfering with another wireless 
communication system and stops the use of the channel 
number n (step S104). Then, the node that determines 
the stop of use of the communication channel n notifies 
its destination nodes under communication of the stop 

35 of use of the communication channel n {step S1 05). The 
communication channel n is not therefore used any 
more. 

[0029] Then, the channel number n is incremented by 
1 (+1) or decremented by 1 (-1) (step S106) and the 

40 above process is performed again from step S101. 
Thus, the control unit checks the BER of all the commu- 
nication channels in use and determines whether each 
of the communication channels is continuously used or 
released (suspended). 

45 [0030] In Bluetooth™, the channel number n is incre- 
mented in ascending order such that the BER is deter- 
mined in order from a lower-frequency communication 
channel. In IEEE 802.1 1 b, it is decremented in descend- 
ing order such that the BER is determined in order from 

50 a higher-frequency communication channel. Conse- 
quently, the problem that both IEEE 802.11b and Blue- 
tooth™ stop using the same communication channel 
can be overcome, and communication channels respec- 
tively used by IEEE 802.11b and Bluetooth™ can effec- 

55 tively be optimized. Needless to say, the check of BER 
in IEEE 802.11b and that of Bluetooth™ can be per- 
formed in order opposite to each other, regardless of 
their types. 
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[0031] As described above, the communication of 
Bluetooth™ is conducted by a master-slave system; 
Therefore, the process of FIG. 11 has only to be per- 
formed only on the node side that serves as a master. 

Communication between nodes of Bluetooth™ 

[0032] FIG. 1 2 shows communication between nodes 
of Bluetooth™. 

[0033] First, a process for certifying apparatuses of a 
master and a slave is performed and the master notifies 
the slave of information (hopping pattern #A) indicating 
frequency hopping sequence used for communication 
between the master and slave. Then, wireless data 
communication between the master and slave is con- 
ducted by the spread spectrum-frequency hopping 
(SS-FH) using the hopping pattern #A. If, in this state, 
IEEE 802.11b starts communication and the BER of 
communication channel n in use increases, the master 
notifies the slave of the stop of use of the communication 
channel n. After that, the hopping pattern #A is changed 
to a new one (hopping pattern #B) used for hopping be- 
tween communication channels excluding the commu- 
nication channel n. Needless to say, the master can ex- 
plicitly notify the slave of the change to the new hopping 
pattern excluding the communication channel n. 
[0034] Though the communication of IEEE 802.11b is 
not conducted by the master-slave system, the use of a 
communication channel for the actual data communica- 
tion can depend upon the transfer of information be- 
tween the nodes. Therefore, the node of IEEE 802.11b, 
which has detected the interference with Bluetooth™ 
first, has only to notify the node of destination IEEE 
802.11b of the stop of use of an interference communi- 
cation channel n, the number of a new communication 
channel, etc. 

[0035] Referring to the flowchart of FIG. 1 3, a process 
of reusing a communication channel performed by the 
communication channel control units 111 and 121 will 
now be described. 

[0036] First, the unit checks the current BER (BER#1 ) 
of a communication channel m (m = channel number) 
in use (step S201). Then, the unit tries to perform com- 
munication using a communication channel n under 
suspension for a fixed time T2 and checks the BER 
(BER#2) of the communication channel n (step S203). 
This step is performed as follows. In IEEE 802.11b, the 
unit forcibly and temporarily switches a communication 
channel for use to the communication channel n. In 
Bluetooth™, the unit temporarily adds the communica- 
tion channel n to a target for hopping and then checks 
the BER (BER#2) of the communication channel n. 
[0037] It is important that time T2 for trying performing 
communication using a communication channel n 
should be shorter than time T1 for detecting an interfer- 
ence channel as described with reference to FIG. 11. 
The reason is as follows. If a trial for communication us- 
ing a communication channel n is made longerthan time 



T1 , there is a risk that another communication system 
that is conducting communication actually using the 
communication channel n will determine the communi- 
cation channel n as an interference channel and stop 
5 using it. 

[0038] When BER#1 is higher than BER#2 or when 
the radio environment of the communication channel n 
under suspension is better than that of the communica- 
tion channel m in use (YES in step S204), the commu- 
nication channel n does not interfere with another wire- 
less communication system any more and thus the com- 
munication channel n is resumed (step S205). This step 
is performed as follows. In IEEE 802.11b, the unit 
changes a communication channel for use from the 
communication channel m to the communication chan- 
nel n. In Bluetooth™, the unit adds the communication 
channel n to a target for hopping. 
[0039] On the other hand, when the condition of step 
S204 is not satisfied (NO in step S204), the unit does 
not perform a process of a change to the commun ication 
channel n, addition of the communication channel n to 
a target for hopping, or the like, but maintains the current 
communication state using the communication channel 
m(step S206). 

Another Example of Channel Select Control 

[0040] Another example of channel select control per- 
formed by the communication channel control unit 111 
of the Bluetooth™ module 11 will now be described with 
reference to the flowchart of FIG. 14. Considering that 
the frequency band of a communication channel used 
in Bluetooth™ is narrower than that in IEEE 802,11b, 
the unit 111 divides the 79 communication channels 
used in Bluetooth™ into some groups in accordance 
with allocation of frequencies of communication chan- 
nels in IEEE 802.11b and determines whether each of 
the groups includes an interference channel. 
[0041] As described above, the bandwidth of one 
communication channel in IEEE 802.11b is 22 MHz and 
that of one communication channel in Bluetooth™ is 1 
MHz. Accordingly, the 79 communication channels of 
Bluetooth™ can be divided into a plurality of adjacent 
communication channel groups. In this case, the 
number of communication channels of each group is 22, 
and the bandwidth of each group is 22 MHz. 
[0042] First, the control unit 111 checks the current 
BER of each of communication channels n (n = channel 
number) to n + a (a = 21) (step S301). Then, the unit 
111 calculates an average (or a summation) of the com- 
munication channels n to n + a as a BER of a group of 
communication channels n to n + a and determines 
whether the BER is higher than a predetermined thresh- 
old value (step S302). If the BER is higher than the 
threshold value (YES in step S302), the unit continues 
to monitor the BER for a fixed time T1 (step S303) and 
determines whether the BER decreases to not higher 
than the threshold value within fixed time T1 (step 
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S304). 

[0043] When the BER of a group of communication 
channels n to n + a does not decrease to not higher than 
the threshold value before the fixed time T1 elapses or 
when the BER continues to be higher than the threshold 
value for not shorter than the fixed time T1 (NO in step 
S304), the control unit determines the communication 
channels n to n + a as those interfering with another 
wireless communication system and stops using the 
communication channels (step S305). Then, the master 
node that determines the stop of use of the communi- 
cation channels n to n + a notifies its destination slave 
nodes (step S306). The communication channels n to n 
+ a are therefore omitted from targets for hopping and 
consequently frequency hopping is performed between 
communication channels excluding the communication 
channels n ton + a. 

[0044] Then, the channel number n = n + a + 1 or n = 
n - a - 1 is updated (step S307) and the above process 
is performed again from step S301. Thus, the control 
unit checks the BER of all the communication channel 
groups and determines whether each of the communi- 
cation channel groups is continuously used or released 
(suspended). 

[0045] After use of a communication channel groups 
is suspended, the control unit 1 1 1 may execute a reusing 
process. In the reusing process, the control unit 111 
checks the BER of the frequency channel group under 
suspension. That is, the control unit 111 temporarily 
adds the communication channels of the communica- 
tion channel group under suspension to a target for hop- 
ping, and then checks the BER of the frequency channel 
group under suspension by trying performing the wire- 
less communication. When the BER is lower than that 
of another frequency channel group in use, the control 
unit 111 resumes the frequency channel group under 
suspension to start the reuse of the communication 
channel group. 

[0046] According to the above-described embodi- 
ment, an error rate of each of communication channels 
in use is detected for each of wireless communication 
systems and a communication channel to be used in 
each of the systems is detected based on the detection 
result, it is thus possible to overcome the problems that 
the effective communication speed is greatly decreased 
due to radio interference and the radio link is discon- 
nected. 

[0047] In the above embodiment of the present inven- 
tion, only the IEEE 802.11 b and Bluetooth™ have been 
described as wireless communication systems. Howev- 
er, the present invention can be applied to various wire- 
less communication systems of the IEEE 802.11 bstand- 
ard and the Home RF. It can also be applied to the en- 
vironment including three or more wireless communica- 
tion systems. The BER can be replaced with an S/N ratio 
as an index for evaluating communication performance. 
[0048] The functions of the communication channel 
control units 1 1 1 and 1 1 2 can be fulfilled by software that 



is executed on electronic equipment such as a personal 
computer mounted with the wireless LAN module 21 . 



s Claims 

1. A method for performing wireless communication 
using a plurality of frequency channels, the method 
characterized by comprising steps of: 

10 

detecting (1 1 2, 1 22, S1 01 ) an error rate of each 
of a plurality of frequency channels used by 
wireless communication; 
determining (113, 123, S102, S103) whether 
is the detected error rate is higher than a specific 

threshold value; and 

suspending (1 1 4, 1 24, S1 04, S 1 05) use of a fre- 
quency channel whose error rate is determined 
to be higher than the specific threshold value. 

20 

2. The method according to claim 1, characterized by 
further comprising steps of: 

detecting (S201) an error rate of the frequency 
25 channel under suspension by trying performing 

wireless communication using the frequency 
channel under suspension; and 
resuming (S205) use of the frequency channel 
under suspension when the detected error rate 
30 is lowerthan that of another frequency channel 

in use. 

3. The method according to claim 1 , characterized In 
that said detecting step (112, 122, S101) includes 

35 selecting a frequency channel whose error rate is 
to be detected such that the error rates of the plu- 
rality of frequency channels are detected in order of 
decreasing frequency. 

40 4. The method according to claim 1 , characterized in 
that said detecting step (112, 122, S101) includes 
selecting a frequency channel whose error rate is 
to be detected such that the error rates of the plu- 
rality of frequency channels are detected in order of 
45 increasing frequency. 

5. The method according to claim 1 , characterized in 
that said wireless communication is performed by 
a master-slave system, said detecting step (112, 

so S1 01 ) and said determining step (1 1 3, S1 02, S1 03) 
are performed by a master, and said suspending 
step (114, S104, S105) includes a step of notifying 
a slave of a suspension of use of a frequency chan- 
nel whose error rate is determined to be higher than 

55 the specific threshold value by the master. 

6. The method according to claim 1 , characterized in 
that said wireless communication is spread spec- 
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trum-frequency hopping communication, and said 
suspending step (114, S104, S105) includes a step 
of excluding the frequency channel whose error rate 
is determined to be higher than the specific thresh- 
old value, from a plurality of frequency channels tar- 
geted for frequency hopping. 

7. The method according to claim 1 , characterized in 
that said wireless communication is spread spec- 
trum-frequency hopping communication which per- 
forms frequency hopping using a plurality of fre- 
quency channels having different carrier frequen- 
cies and defined in a specified frequency band, said 
detecting step (1 1 2, S1 01 ) includes a step of detect- 
ing (S303) an error rate of each of a plurality of fre- 
quency channel groups into which the plurality of 
frequency channels are divided for each frequency 
range, each of the frequency channel groups in- 
cluding frequency channels falling within a single 
frequency range, the each frequency range having 
a bandwidth which is equal to a bandwidth of each 
frequency channels of another wireless communi- 
cation that performs a wireless communication by 
using the specified frequency band, and 

said suspending step (114, S104, S105) in- 
cludes a step of excluding (S305, S306) each fre- 
quency channel of a frequency channel group 
whose error rate is higher than the specific thresh- 
old value, from frequency channels targeted for the 
frequency hopping. 

8. The method according to claim 1 , characterized in 
that said suspending step (124, S104, S105) in- 
cludes a step of stopping use of a frequency chan- 
nel whose error rate is determined to be higher than 
the specific threshold value, the method further 
comprising a step of changing a frequency channel 
to be used, from the stopped frequency channel to 
another frequency channel which is not used. 

9. A wireless communication apparatus for performing 
wireless communication using a plurality of fre- 
quency channels, the apparatus characterized by 
comprising: 

means (112, 122) for detecting an error rate of 
each of a plurality of frequency channels used 
by wireless communication; 
means (113, 123) for determining whether the 
detected error rate Is higher than a specific 
threshold value; and 

means (114, 124) for suspending use of a fre- 
quency channel whose error rate is determined 
to be higher than the specific threshold value. 

10. The wireless communication apparatus according 
to claim 9, characterized by further comprising: 



means (S201 ) for detecting an error rate of the 
frequency channel under suspension by trying 
performing wireless communication using the 
frequency channel under suspension; and 
5 means (S205) for resuming use of the frequen- 

cy channel under suspension when the detect- 
ed error rate is lower than that of another fre- 
quency channel in use. 

10 11. The wireless communication apparatus according 
to claim 9, characterized in that said wireless com- 
munication is spread spectrum-frequency hopping 
communication, and said suspending means (114) 
includes means for excluding the frequency chan- 

15 nel whose error rate is determined to be higher than 
the specific threshold value, from a plurality of fre- 
quency channels targeted for frequency hopping. 

12. The wireless communication apparatus according 
to claim 9, characterized in that said wireless com- 
munication is spread spectrum-frequency hopping 
communication which performs frequency hopping 
using a plurality of frequency channels having dif- 
ferent carrier frequencies and defined in a specified 
frequency band, said detecting means (112) in- 
cludes means for detecting an error rate of each of 
a plurality of frequency channel groups into which 
the plurality of frequency channels are divided for 
each frequency range, each of the frequency chan- 
nel groups including frequency channels falling 
within a single frequency range, the each frequency 
range having a bandwidth which is equal to a band- 
width of each frequency channels of another wire- 
less communication that performs a wireless com- 
munication by using the specified frequency band, 
and 

said suspending means (11 4) includes means 
(S305, S306) for excluding each frequency channel 
of a frequency channel group whose error rate is 
higher than the specific threshold value, from fre- 
quency channels targeted for the frequency hop- 
ping. 
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